We use cross-slope sections of direct current observations together with a high resolution numerical simulation to revisit estimates of transports and entrainment in the Gulf of Cadiz. We provide a three dimensional picture of the outflow from the Mediterranean into the intermediate layers of the Atlantic. In the model, the time-averaged Mediterranean Undercurrent is characterised by two cores of zonal velocity at 8°30′8°30′W: one at 500 m (in the σ1σ1 interval 31.6-31.831.6-31.8 kg m-3) and another around 1100 m (∼32.2∼32.2 kg m-3) with maximum westward velocity of 0.36 m s-1. A single well defined vein of saltier and warmer water (salinity maximum ∼36.9∼36.9 psu, 1 psu = 1 kg salt/1000 kg seawater) is found attached to the slope, centred at 1300 m (32.2-32.432.2-32.4 kg m-3). The observational sections corroborate this description but instant maximum velocity reaches 0.6 m s-1 whereas salinity peaks just above 36.5 psu. Unlike what was previously thought, the velocity veins and the thermohaline anomaly cores are not co-located. At the Strait of Gibraltar, we estimate that the transport of pure Mediterranean Water (S>38.4S>38.4 psu) is about 0.48 Sv (1 Sv=106=106 m3s-1). Near the Portimão Canyon, the results for westward transport (31.6-32.631.6-32.6 kg m-3) computed from observations are within the range 2.6-3.62.6-3.6 Sv and the time-mean estimate from the numerical simulation is of 3.5 Sv. The westward salinity and heat transports are of ≲1.3≲1.3 psu Sv (1 psu Sv =103=103 m3s-1) and ∼20×1012∼20×1012 W, from observational and numerical data alike. By tracking water masses within a closed domain in the Gulf of Cadiz, we find that most of the North Atlantic Water entrained into the undercurrent is supplied through the south and southwest borders. After analysing volume balances per layer, we conclude that the entrainment from shallower layers is around 1.1 Sv in total: 0.32, 0.34, 0.40 and 0.04 Sv distributed by four equally spaced density intervals (0.2 kg m-3) between isopycnals 31.8 and 32.6 kg m-3.
Introduction
The horizontal density gradient between the Mediterranean Sea and the North Atlantic Water forces a two-layer exchange flow at the Strait of Gibraltar: North Atlantic Water inflowing eastwards on surface levels and Mediterranean Water (MW) outflowing westwards as a bottom layer. The Mediterranean outflow veers northwards due to the Coriolis effect and progresses along the continental slope in the northern Gulf of Cadiz (GoC) as a density current: the Mediterranean Undercurrent (MU) (e.g., Ambar and Howe, 1979a, Ambar and Howe, 1979b and Ochoa and Bray, 1991).
Downstream from the Strait of Gibraltar, the outflow splits in two main veins characterised by two maxima in temperature and salinity profiles: the upper core MU u MUu (σ 1 =31.9)σ1=31.9) kg m -3 ) centred at about 800 m, and the lower core MU l MUl (σ 1 =32.25)σ1=32.25) kg m There have been several attempts to estimate the volume transport associated to the MW outflow (e.g., Zenk, 1975, Ochoa and Bray, 1991 
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The bin at 21-27 m depth was taken for the reference-level, as a trade-off 154 between the best bin quality and the maximum distance from the sea-surface.
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Then the standard procedure of "Cascade-Exploitation" was used to flag bad were further used. The lowest limit of good data varied from 60 to 90 m.
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The current measurements of best quality were interpolated onto a regular 159 grid with a vertical spacing of 10 m and a time interval of 4 minutes.
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Finally, the velocity component orthogonal to the ship's trajectory was 161 computed to merge with CTD derived geostrophic currents.
162

ADCP corrected geostrophic current
163
The CTD data were obtained with SeaBird SBE9 CTD, along seven sec-164 tions (five cross-slope and two along-slope) with 1-2 miles stations' spacing. lotted the same weight, but this weight is variable across neighboring grid 242 cells.
243
Each particle conserves its volume along its trajectory and thus the trans-244 port across a section will be given by the sum of the individual volumes of all 245 particles crossing that section, normalised by the number of times of seeding.
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Although not shown here, we checked that the estimates of total Lagrangian Note that, to restrict the computation of transports to the MU, the latter 277 feature is filtered out after discarding all data beyond 55 km from the coast.
278
In sections S06 and S05, the total westward transport is 3.47 Sv and 3.23 The time-averaged MU exhibits two distinct cores of zonal velocity at this The results from the model and all Semane sections are summarised in 315 Figure 7 . We recall that a mask (Table 3) was applied when computing the 316 volume transports, to exclude any flow other than that within the MU. this value could drop to 90% in some periods.
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The time-averaged fields of sections II and IV are displayed altogether in 
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Since the volume is conserved in the domain, the balance per density layer
411
gives a direct estimate of the overall diapycnal mixing (see Table 4 , column
412
'Balance'). As expected, both shallow and deep layers lose mass into the 
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It should be stressed that the transports indicated in Figure 12 and the 437 sum of the values in the three main layers of Figure 14 are not comparable.
438
First, there is a discontinuity in the density reference depth used in the latter: García-Lafuente, J., Sánchez-Román, J., Naranjo, C., Sánchez-Garrido, J.C., 
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Le Bot, P., Kermabon, C., Lherminier, P., Gaillard, F., 2011. CASCADE Table 3 : Pure MW mask computed from the properties of particles seeded in I and arriving at section II (section 4.2.1, Figure 9 ). Per density layer: mean salinity and temperature values plus or minus three times their standard deviation. A mask was applied in order to retain only MW transport (Table 3 ). The thick-black lines represent the transport originating in I (seeding in the whole water column) and arriving to II. The difference in size of the grey and black bars is due to entrainment of NACW as the outflow progresses along the northern boundary of the Gulf of Cadiz. Contour lines: same as in Figure 4 . Computed by subtracting 'Total I ' to 'Balance', layerwise (see Table 4 ). Figure 12 ; the transport into the domain (in the seeding section and layer) is indicated here in the lower right corner of each chart. Note the difference in total transport into and out of the domain in the Shallow layer, sections III and IV.
Section II
